32
Wind energy is one of the most utilized leading renewable energy sources for sustainable power 
52
concluded that some performance increase can be achieved when using swept blades. Amano et al.
53
(2013) investigated backward swept blades and stated that at lower wind speeds the backward swept 54 blades give better performance whereas at higher wind speeds they give lower power outputs compared 
81
The model HAWT designed at the NTNU has a three bladed rotor and uses the NREL S826 Table 1 . 
107

111
In total, 32 wind turbine blades, 16 forward swept and 16 backward swept, are designed and sketches 
120
In this study, the 3-D air flow around the wind turbine blade is simulated using the ANSYS Fluent 
140
For the grid independence study, both the k-ω SST and k-ε Realizable models were used. A mesh
141
independence study was performed for various models containing a different number of mesh elements.
142
Details of the grids and the resulting power coefficients are presented in Table 2 where it is observed 143 that the results do not significantly change after employing more than 4.8 million elements. Hence, a
144
grid that has about 4.8 million elements has been used in the current study. Although this is an 145 expensive grid to use, it was used in order to have confidence in the power and thrust coefficients.
146
Moreover, it should be noted that making the value of y+ suitable for enhanced wall treatment 
154
The convergence criterion is set to achieve a reduction in all scaled residuals below the value of 10 -4 .
University of Sheffield where in general, Intel E5-2630 V3 processors were used for the simulations and the time spent for each simulation was almost 8 hours when using 8 cores. 
164
(Ct), as a function of the tip speed ratio (λ), and they are presented in Fig. 4 and Fig. 5 , respectively.
165
The inflow velocity was kept at 10 m/s and the rotational speed was varied to obtain the results for the 166 tip speed ratios of λ= 2, 4, 5, 6, 7, 9 and 11 as employed in the wind tunnel tests. As it can be seen 167 from these figures, the Cp -λ curves are close to the experimental results. Both the k-ε Realizable and 168 k-ω SST models show a good performance and the results of both models are very close to each other.
169
The k-ε Realizable turbulence model was better at predicting the power coefficient since the k-ω SST 
172
The behaviour of the Ct -λ curve is similar to the experimental curve and the CFD results appear to 173 under predict the thrust forces, especially at higher tip speed ratios, however one should note that the 174 thrust on the tower is not considered in the CFD calculations. For the simulation of wind turbines with 175 swept blades at λ=6, the k-ε Realizable model is employed since it showed the best performance. 
184
Results
186
In this study, the aerodynamic performances of swept blades are investigated using CFD simulations 
196
As stated before, the simulation results obtained using the k-ε Realizable turbulence model was used
197
for the comparison figures in the result section since it was most successful CFD model in the validation.
198
In Fig. 6 , surface plots that show the changes in the power coefficients (Cp) and thrust coefficients (Ct)
199
of the wind turbines with forward and backward swept blades compared to the baseline wind turbine.
200
As it can be seen from the figure, there are improvements in the aerodynamic performance for wind 201 turbines with some swept blades compared to the baseline case. The wind turbine with the swept blade
202
"f1520" has the highest performance increase with a value of almost 2.9%. Also, it can be observed that 
228 229
The pressure distributions for the baseline and the most efficient designs are compared for four sections 
247
baseline blades in Fig. 10 (a) and the observed data verify the previous statement, and f1520 has mostly 248 a negative radial force distribution whereas the baseline blade has a positive radial force distribution.
249
In Fig. 10 (b) , streamwise force distributions on the blades are compared and as it can be observed 250 from the figure, the curves are very similar for both blades except that there is a small difference near 
290
This work prepared as a part of his PhD study. 
